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Abstract 40 
Efforts to designate priority areas for conservation have had a long history, with most modern 41 
initiatives focused on either designating areas important for biodiversity or those least impacted by 42 
direct human disturbance. Ecologically intact ecosystems are becoming increasingly limited on the 43 
planet, making their identification and conservation an important priority. Intact forest landscapes 44 
(IFLs) are defined as forests that are mainly free of significant anthropogenic degradation and at least 45 
500 km2 in size.  Here we define a new metric, the Last of the Wild in each Ecoregion (LWE), as a 46 
preliminary scoping of the most intact parts of each ecoregion. IFL and LWE are approaches among 47 
a broad family of techniques to mapping ecological integrity at the global scale. Although both 48 
implicitly include species integrity as a dimension of intactness, this is inferred rather than directly 49 
measured. We assessed whether LWE areas or IFL were better at capturing species where they are 50 
most abundant using species distribution data for a set of forest species for which range-wide data 51 
were available and human activity limits the range. We found that IFL and LWE methods identified 52 
areas where species we assessed are either absent or at too low an abundance to be ecologically 53 
functional. As such many IFL/LWE polygons did not have intact fauna. We also show that 54.7% of 54 
the terrestrial realm (excluding Antarctica) has at least one species recorded as extinct and that two 55 
thirds of IFL/LWE areas overlap with areas where species have gone extinct in the past 500 years. 56 
The results show that neither IFL or LWE identifies areas of ecologically intact fauna adequately, 57 
underscoring a strong need to obtain additional site-level survey data to confirm faunal intactness.   58 
1.0 Introduction 59 
Throughout history, the reasons why areas have been established for wildlife protection have varied 60 
considerably.    Some of the oldest forms of wildlife protection occurred as a result of land being put 61 
aside by the nobility for hunting (Hamin 2002). For example, the Białowieża Primeval Forest 62 
protected the European bison for royal hunts and its habitats persisted for over 500 years 63 
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(Jędrzejewska & Jędrzejewski 1998). Prioritization of conservation sites for other reasons started 64 
with the establishment of the first national parks in the late 1800s. Initially, concepts of natural 65 
wonders, spiritual refuge and scenic beauty were the criteria used to identify these parks (Runte, 66 
1997). In Africa, many of the first protected areas in the early to mid-1900s were established to 67 
enable sport hunting with a focus on the conservation of large mammals (with big trophies), usually 68 
where it was observed that they were declining in numbers (Willcock, 1964).  69 
It wasn’t until the mid-1970s and 1980s that the attention started to shift to biodiversity conservation 70 
and the idea of saving life on Earth in all its forms. In the mid-1990s, Centres of Plant Diversity were 71 
identified to map species-rich plant regions (Davis et al. 1994). This led to the identification of 72 
ecoregions (Olson et al. 2001), areas of similar floristic and faunal composition, and the prioritization 73 
of these into the Global 200 (Olson & Dinerstein, 1998). The definition of biodiversity hotspots 74 
(Mittermeier et al. 2004) also emerged -- regions rich in endemic plant species that also suffered a 75 
high degree of human impact. However, these broad-scale prioritizations, while helpful in identifying 76 
general regions important for conservation investment, were not easily translated into conservation 77 
actions at a local scale, and were biased towards tropical regions of the planet (Noss et al. 2015).  78 
The Important Bird Areas (IBA) program (Donald et al. 2018), established in the early 1980s, was 79 
one of the first site-based prioritization initiatives based on the diversity of all species within a taxon.  80 
When it was shown that prioritization for birds also led to a good percentage of other taxa being 81 
captured, IBAs became known as the Important Bird and Biodiversity Areas program (Donald et al. 82 
2018). Numerous additional schemes to identify important sites for taxonomic or thematic subsets of 83 
biodiversity (e.g., Alliance for Zero Extinction sites (AZE) etc.) were independently created. These 84 
formed the basis of a consolidated approach: the Key Biodiversity Areas (KBA) framework and 85 
methodology (IUCN, 2016), the purpose of which was to bring a standard and comparable approach 86 
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to the identification of the most important sites for biodiversity on Earth that could be applied across 87 
all taxa. Following extensive consultation within the conservation community, A Global Standard for 88 
the Identification of Key Biodiversity Areas was finalized in 2016 (IUCN, 2016). Sites of importance 89 
for the global persistence of biodiversity can be selected if they meet one of five higher level criteria 90 
that have been recognized in several site identification or conservation prioritization approaches: (A) 91 
Threatened species or ecosystems, (B) Geographically restricted species or ecosystems, (C) 92 
Ecological Integrity, (D) Biological processes or congregations, and (E) Irreplaceability (IUCN, 93 
2016).  The ecological integrity criterion (C) was designed to identify outstanding examples at the 94 
global scale of still-natural and intact areas that maintain fully functional ecosystems within each 95 
ecoregion, and are therefore critical for sustaining biodiversity in the face of human-induced change.   96 
KBA Criterion C deliberately incorporates both intactness and biotic integrity (IUCN, 2016) into the 97 
KBA approach by calling for the delineation of wholly intact natural areas with minimal post-98 
industrial anthropogenic disturbance, sufficiently large to accommodate most broad-scale ecological 99 
processes, and supported by evidence that all ecosystem components (including highly mobile 100 
predators and herbivores and long-lived structural plant species) still fulfill their functional roles  101 
(KBA Standards and Appeals Committee, 2018). Because comprehensive assessments of biotic 102 
communities will be impractical in many areas with high ecological integrity, especially in remote 103 
ecoregions with few human settlements and limited access, direct measures of intact faunal 104 
communities would have to be accomplished using indicator species (KBA Standards and Appeals 105 
Committee, 2018). We note that unfortunately many ecoregions will not have criterion C KBAs 106 
because they have been so heavily impacted by humans that no areas within them now satisfy a 107 
meaningful intactness requirement. 108 
The effort to identify which parts of the planet are globally important for biodiversity has been 109 
paralleled with assessments of global threats, in particular the impact of humans on the environment. 110 
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The Human Footprint (Sanderson et al. 2002; Venter et al. 2016a; Allen et al. 2017) aimed to map 111 
the variation in human influence around the world using remotely sensed and other geographic data, 112 
such as human population data, infrastructure, and lights visible to a satellite at night.  Areas of the 113 
least human influence within biomes have been termed “Last of the Wild” areas (Sanderson et al. 114 
2002; Watson et al. 2016).  It is now clear that these are rapidly dwindling in size and connectivity 115 
(Watson et al. 2016; Jones et al. 2018) and at the same time our understanding is growing of the 116 
exceptional value of intact ecosystems for provision of ecosystem services (water, carbon. etc.), 117 
biodiversity conservation, indigenous peoples, and human health (Watson et al. 2018).  118 
Intact Forest Landscapes (IFL) adopted a similar approach to “last of the wild”, albeit restricted to 119 
forested ecosystems (Potapov et al. 2008; 2017). The methodology identifies large undeveloped 120 
forest areas through satellite-based mapping of tree canopy cover, with areas unfragmented by roads 121 
or other development of no smaller than 500 km2, assumed to be large enough to “maintain all native 122 
biodiversity, including viable populations of wide-ranging species” (Potopov et al. 2008). This size 123 
threshold was developed to be globally generalizable, but has been critiqued for being arbitrary and 124 
without scientific basis with respect to meeting biotic expectations, given the space needs of many 125 
wide-ranging species (Venier et al. 2018).  126 
Here we make a scoping of the wildest parts of each ecoregion, what we term the “last of the wild in 127 
each ecoregion (LWE)” and compare this with IFLs. We focused the Last of the Wild approach 128 
(Sanderson et al. 2002) down to the ecoregion scale with the LWE method because of the value in 129 
conserving the most intact areas of each ecoregion, rather than the most intact areas of each biome. 130 
This method is also a first step in a scoping of potential KBA Criteria C sites. With a focus on 131 
forested ecosystems, we assessed whether either approach identifies areas of faunal intactness as a 132 
preliminary measure of a more comprehensive species intactness.  LWE and IFL are two approaches 133 
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in what is now a broad family of techniques to mapping ecological integrity at the global scale, 134 
identified through measures of degree of human impact or influence, rather than through mapping of 135 
intact faunal communities.  Others include Wilderness Areas (McCloskey & Spalding 1989), Frontier 136 
Forests (Bryant et al. 1997), Hinterland Forests (Tyukavina et al 2016), and very recently the Human 137 
Modification map (Kennedy et al. 2019). One concern with all these approaches is that they do not 138 
map what the satellites cannot see.   Defaunation (Dirzo & Miranda 1990) in what appears to be 139 
intact forest has long been recognized, and often referred to as “empty forest” (Redford, 1992; Wilkie 140 
et al 2011)).  Verification of defaunation would require complete biological inventories and intimate 141 
historical knowledge. 142 
Because both KBA and IFL approaches implicitly include species integrity as a dimension of 143 
intactness, it is of significant interest to determine the extent to which measures of human impact 144 
truly correspond with locations of intact animal communities, given the absence of credible global 145 
measures of this mapping dimension (Martin, Green & Balmford, 2019). An initial scoping of KBA 146 
criteria C sites requires likely intact areas of each ecoregion to be identified. The LWE approach we 147 
document here uses one method that might be used to scope potential Criteria C sites by identifying 148 
the areas with lowest human impact as measured by the human footprint.  Threats are often mapped 149 
at various scales, from local to global, using remote sensing products, but their value for identifying 150 
intact fauna is often assumed rather than tested.   In this paper we use both IFL and LWE areas as 151 
two measures of low human impact to assess how well measures such as these, made using remote 152 
sensing products and global datasets, actually capture important areas for fauna. We test the areas 153 
with 1) data on large, forest-dwelling mammals for which there are global data that tend to be 154 
negatively affected by human pressures and are likely to be some of the first species lost from a site, 155 
and 2) a measure of species extinction.     156 
 157 
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2.0 Methods 158 
We compared two estimates of intact habitat: IFL and LWE. ‘Last of the Wild’ (Sanderson et al. 159 
2002; Watson et al. 2016) maps focused on the wildest areas within biomes; the largest such areas, 160 
not surprisingly, are inhospitable deserts and tundra areas, and inaccessible areas such as the 161 
Amazon. Rather than using biomes, we modified the “last of the wild” method (Sanderson et al. 162 
2002) to select within ecoregions rather than biomes.  Ecoregions are more ecologically fine-grained 163 
and representative of biodiversity than biomes, as well as potentially compatible with the KBA 164 
Criterion C. Other similar published metrics (e.g., hinterland forests (Tyukavina et al 2016) have an 165 
overlap of 92% with IFL maps.  166 
2.1 Scoping of LWE areas 167 
We undertook a scoping of candidate LWE areas by identifying the five most intact areas for each 168 
ecoregion of the world. We overlaid the most recent human footprint map (Venter, 2016a; 2016b) on 169 
the most recent map of ecoregions of the world (Dinerstein et al. 2017). The human influence index 170 
(HII) can range between 0 and 50; for the purposes of this analyses we identified the best 10% of 171 
each ecoregion (lowest footprint scores), and within this subset selected the 5 largest intact polygons. 172 
HII has been widely used relative to more recent datasets of human modification (e.g., Kennedy et al. 173 
2019) and therefore offered opportunities to compare our results with previous literature. A similar 174 
approach was used for the ‘Last of the Wild’ (Sanderson et al. 2002), except this assessed the 10 175 
largest areas within the best 10% of each Biome. In order to avoid polygons that had a lot of ‘gaps’ 176 
resulting from pockets of high human activity in otherwise non-impacted landscapes, we applied a 5 177 
km smoothing buffer to the HII map (each pixel representing the average HII score within the buffer 178 
radius). We selected this buffer radius from a range between 0-25 km, testing the result in ~2.5 km 179 
increments. The 5 km buffer provided the best smoothing, and appeared to stabilize both the 180 
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reduction in border effects and remnant habitat selection (median effects on area perimeter and shape 181 
did not substantially vary using larger buffers). This meant that fragmented and border habitats 182 
would experience an increase in HII, while core areas would remain unaffected.  183 
We selected a subset of these areas, designated Forest LWE, which selected only those forested 184 
ecoregions that overlapped with IFL polygons. We used these polygons to intersect with global maps 185 
of biotic intactness and species loss (see below).  186 
Our rationale for using anthropogenic influence to identify LWE areas is that a reduced 187 
anthropogenic influence is likely to translate to a reduced ecological impact, including species loss. 188 
Global maps of anthropogenic influence, however, are not likely detailed enough in many places of 189 
the world to capture (directly or indirectly) all pressure types that might result in species loss, or if 190 
modern measures of anthropogenic influence can still capture historical impacts. Notable pressures 191 
that are unmapped to date include hunting/poaching and will have drastically altered species 192 
composition in large landscapes; regional or local-scale maps will capture more elements of the 193 
human footprint. The regions we identify will need to go through more stages of rigorous analysis, 194 
including on-the-ground evaluation before KBA criterion C sites can be positively identified. As 195 
such, this is a preliminary scoping of regions of the world where such sites are likely to exist.  196 
 197 
2.2 Intersecting IFL and LWE areas with species distributions 198 
2.2.1 Species with measures of density 199 
To assess how well these areas might capture faunal intactness we compiled range and, where 200 
possible, density maps for a small subset of tropical forest mammals that are sensitive to human 201 
disturbance. We assembled density data for the following species: jaguars (Panthera onca) 202 
(Jędrzejewski et al. 2018), African forest elephants (Loxodonta africana cyclotis) (Maisels et al. 203 
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2013), western lowland gorillas (Gorilla gorilla gorilla), central chimpanzees (Pan troglodytes 204 
troglodytes) (Strindberg et al. 2018), eastern chimpanzees (P. t. schweinfurthii) (Plumptre et al. 205 
2010), eastern gorilla (Gorilla beringei) (Plumptre et al. 2016), Bornean orangutan (Pongo 206 
pygmaeus) (Voigt et al. 2018), Sumatran orangutan (P. abelii) (Wich et al. 2016) and Tapanuli 207 
orangutan (P. tapanuliensis) (Nater et al. 2017). For each of these maps we identified a threshold 208 
density separating high and low density populations using expert assessment of the relevant author’s 209 
knowledge of each of the species. We then intersected the maps of IFL and the LWE areas with each 210 
species map to calculate areas of high density that were within these polygons and the area across the 211 
species range. We measured the percentage of the area of the LWE and IFL polygons that contained 212 
high density scores for a species and compared this with the percentage area of high density scores 213 
across the species global range to assess whether the methods selected more of the area where species 214 
are considered to be likely to be at a functional density. We used this calculation because IFL and 215 
LWE areas have a great difference in extent, and failing to do so would have almost certainly 216 
indicated the larger areas to be more inclusive, despite the potential to also include large segments of 217 
low-density populations. 218 
2.2.2 Species with range-wide priority setting 219 
We also compiled maps from range-wide priority setting exercises that mapped areas where a species 220 
was definitely occurring, probably/possibly occurring and extirpated. We assembled maps for tigers 221 
(Panthera tigris) (Dinerstein et al. 2006), white-lipped peccary (Tayassu pecari) and  tapir (Tapirus 222 
terrestris) (Taber et al. 2008), Asian black bear (Ursus thibetanus), brown bear in Asia (Ursus 223 
arctos), sloth bear (Melursus ursinus) and sun bear (Helarctos malayanus) (Garshelis et al. 2007), 224 
snow leopard (Panthera uncia) (Sanderson et al. 2016; McCarthy et al. 2016) and Asian elephant 225 
(Elephas maximus) (Hedges et al. 2009; Calabrese et al. 2017). Although large areas of IFL and LWE 226 
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occur in boreal forest, analogous full range assessments of boreal species other than brown bear in 227 
Asia were not available. For the purposes of this analysis we assumed that where a species was 228 
definitely known, it was occurring at a reasonably functional density, because the species could be 229 
detected. Where a species was possible/probable it was at low density because it was uncertain 230 
whether the species was present. We use the term ‘suitable habitat’ to define where a species 231 
definitely occurred in the rest of this paper. This will overestimate where a species is at functional 232 
density because there will be many sites where the species is known to occur, but only at low density, 233 
as well as known sink sites.  We calculated the area of suitable habitat within the LWE and IFL 234 
polygons as well as within the species global range. We also assessed the percentage of the range of 235 
the species with suitable habitat and the percentage of this suitable habitat within LWE areas and 236 
within IFLs, to assess whether the method was selecting areas where the species was more likely to 237 
be at a higher density and more functional. 238 
2.3 Intersecting IFL and LWE areas with a map of where species have gone extinct 239 
We assessed loss of faunal intactness by mapping the distribution of extinct ranges for species. We 240 
compiled maps of all species assessed from the IUCN Red List of Threatened Species (IUCN 2018) 241 
and mapped the native range where a species was considered to be extinct or possibly extinct as 242 
classified under the range fields ‘Presence’ for each species range polygon. The Red List assesses 243 
where species have gone extinct since the year 1500 AD, so does not include species that were 244 
extirpated prior to this date and there are recognised gaps in coverage as a result. It maps species that 245 
have gone extinct, and areas of range where extant species have lost range. We mapped all such 246 
ranges to assess the numbers of extinct species to obtain a measure of loss of faunal intactness across 247 
the world. We then intersected this map with the IFL and LWE/Forest LWE polygons to calculate the 248 
percentage area of polygons that had not lost any species using this measure.  249 
3 Results 250 
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3.1 LWE areas 251 
The map of LWE areas is visually dominated by large areas of the northern ecoregions in tundra, 252 
taiga and boreal forests (Figure 1). This is because the HII in these less populated ecoregions are 253 
mostly scored zero, so that when selecting the 10% of lowest scores, all cells with zero are selected. 254 
Human impacts in these regions include logging and other resource development (e.g. mining areas, 255 
seismic lines), but these are not available on global maps and therefore do not get incorporated in the 256 
HII (though see Kennedy et al. 2019). This highlights a compromise tied with using current global 257 
data sets, accepting data that may be of lower quality than locally available in order to reduce 258 
geographical bias across management units (countries or sub-national regions).  For this reason, there 259 
have been several efforts to make regional human footprint maps (Woolmer et al. 2008; Leu et al. 260 
2008) What is clear is that for most of the ecoregions of the planet, the five most intact areas of each 261 
ecoregion are relatively small in size (average area was 6,323 km2 but median area was only 696 262 
km2), reflecting the fine scale of many ecoregions and the density of human activity.  Only 340 areas 263 
out of a total of 3,852 identified were larger than 10,000 km2, the recommended minimum size for a 264 
KBA criterion C site (IUCN 2016).  265 
3.2 Intersection of species ranges and IFL/ LWE areas 266 
The results of the intersection of the IFL and LWE areas with the ranges of the 16 species for which 267 
we had data on density or suitable habitat are shown in Table 1 (Figure S1 in supplementary material 268 
shows the overlap of LWE/IFL with suitable/high density habitat for all forest species). This table 269 
shows the areas of high density/suitable habitat in the LWE areas, the IFLs and the percentage of the 270 
species global range. On average 21% of high density/suitable habitat of a species range was 271 
captured within the LWE areas and 34% within IFLs. Given that all LWE areas (including those in 272 
non- forest ecoregions) cover only 2% of the surface covered by IFL (24.4 million km2 vs 1,163.3 273 
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million km2), we also compared the relative percentages of high density/suitable habitat captured by 274 
each approach by plotting the percentage of high density/suitable habitat within the species range 275 
against the percentage of the area of the LWE/IFL polygons where there was overlap (Figure 2). For 276 
example, only 17% of the LWE areas that overlap African forest elephant range have high elephant 277 
densities, and this drops to only 4.5% in IFL polygons, similar to the global percentage across their 278 
range (3.8%).  In some cases, the LWE areas capture more of a species’ high-density range while for 279 
others the IFLs do a better job. For the most part both capture a larger percentage than what is 280 
available within the species’ range (species above the line of 1:1 –Figure 2), although many of the 281 
comparisons are close to what would be expected if polygons were allocated randomly (1:1 line - 282 
Figure 2). For many species, however, large areas of the IFL or LWE polygons do not have high 283 
density/suitable habitat. In these areas, the species are unlikely to be at a functional density or not 284 
even present. This was particularly true for those species measured using density, which were likely 285 
to better reflect functional integrity of a site. Note that the percentage areas of suitable habitat will be 286 
on the high side for the ranges determined by range wide priority setting because the assumption was 287 
made that definite/confirmed range or high quality range would have functional densities of the 288 
species, yet at many areas this may not be the case and they are simply recorded as being present 289 
which qualifies it as definite range.  This assessment clearly shows that these species, which tend to 290 
be affected by human impact, will be at low and likely non-functional densities across large areas of 291 
either IFL or the LWE areas.  292 
3.3 Faunal loss in IFL and LWE areas 293 
Figure 3 shows the results of mapping all species assessed on the IUCN Red List where a species has 294 
been extirpated or is possibly extirpated since 1500 AD. A total area of 54.7% of the terrestrial realm 295 
of the earth (excluding Antarctica) has at least one species with range recorded as extinct or possibly 296 
extinct. The white areas in Europe and central Asia would certainly have had species that had been 297 
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lost prior to 1500 AD, such as bears (Ursus arctos), wolves (Canis lupus) and beavers (Castor fiber). 298 
It is important to note that within the IUCN Red List assessments, most records do not estimate 299 
where the species has lost part of its range. Therefore, this map will very much be an underestimate 300 
of species loss across the world. Yet it is still valuable in highlighting how much of the world has lost 301 
one or more species. 302 
Intersecting all LWE areas with this map shows that 33% of the area of LWE polygons have no 303 
recorded extinctions, compared with 31% of IFL polygons. However, of the forested LWE areas only 304 
19% of their total area have no extinctions recorded (Table 2).    305 
 306 
4 Discussion 307 
4.1. What do we mean by intactness? 308 
Our results show that there are few places left on the planet that are faunally intact, a result that 309 
corresponds with many assessments of global biodiversity (e.g., Secretariat of the Convention of 310 
Biological Diversity 2014; Wolf and Ripple 2017). The two measures we assessed of intactness -- the 311 
IFL measure and the LWE areas -- encompass reasonably large areas of the globe. However, when 312 
we look at forest species that might be using the IFLs and LWE areas, for many there are large parts 313 
of these ‘intact areas’ where they are absent or at low densities (Figure 2) that are not likely 314 
ecologically functional (sensu Sanderson 2006). In extreme cases, species may be present, but 315 
ecologically extinct (Estes 1989; Novaro et al 1999). Assessment of species range loss or complete 316 
extinction also shows that a large area of the earth does not have a full complement of species and 317 
cannot be thought of as faunally intact (Figure 3). More than half of LWE areas had no species 318 
recorded as having gone extinct, but this would decrease if pre 1500 data were available for 319 
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ecoregions in Europe in particular, and if extinction records in the IUCN Red List were more 320 
comprehensive in general. Comparison of forested areas demonstrated that more than half of IFL and 321 
forest LWE areas had lost at least one species.  322 
Table 1 shows that areas of suitable habitat/high density range for the species we assessed were not 323 
captured by the IFL or LWE assessments, indicating that there are important areas for species where 324 
lack of intactness, as measured by HII or from anthropogenic alteration of forest cover, is still 325 
important for these species.  326 
Estimates of human influence could be improved by using available local and regional data at the 327 
jurisdictional (e.g., national or subnational) level (e.g., Woolmer et al. 2008).  Many smaller-scale 328 
analyses will reveal considerably higher levels of human impact, however, which could reduce the 329 
area of IFL polygons or LWE areas.  Our use of a 10% threshold to select the least impacted areas of 330 
each ecoregion does limit the area where candidate LWE sites could occur in some ecoregions where 331 
human impacts are negligible throughout the ecoregion.   In ecoregions with extensive scores of zero 332 
(northern tundra/taiga) LWE areas were large and included more than 10% of the area of the 333 
ecoregion, however for most ecoregions we were able to limit the analysis to the best 10% or smaller 334 
area of the ecoregion (if there were more than 5 candidate sites). There is a need to assess the 335 
potential impact of this on the identification of LWE areas in future.  336 
In addition to regional-scale human pressures mapping, accurate assessments of faunal intactness will 337 
require 1) better models of direct pressures on biodiversity such as hunting intensity, which cannot be 338 
predicted using HII-like approaches, and 2) knowledge of the extent to which abundance levels have 339 
changed relative to historical baseline for multiple species throughout their ranges. How far a hunter 340 
will move into a forest will be determined by several factors such as the importance of hunting to 341 
their livelihood (e.g. poachers in wealthier vs poorer countries), the relative reward obtained from 342 
hunting a species (e.g. ivory vs bushmeat), the accessibility of a site (e.g. rugged terrain vs flat), and 343 
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the intensity and likelihood of penalties that might be incurred if caught (e.g. small fine vs jail terms). 344 
Considerably more detail than traditional range maps will be necessary to evaluate the extent to 345 
which faunal communities have retained their integrity in the face of human disturbance. Only when 346 
we have a good handle on factors such as these will we be able to start modelling faunal intactness 347 
better. Global analyses, while being useful to help with planning for conservation, must also be 348 
supplemented with site evaluations for identification of evidence-based, intact areas for species, as 349 
specified by Global Standard for the identification of Key Biodiversity Areas with respect to criterion 350 
C sites.  351 
Intactness as measured by global datasets and functional ecological integrity of biodiversity may not 352 
always co-occur .and it is important to recognize that the two have a value for conservation 353 
independently. Some well-managed protected areas, for example, will inevitably have a high degree 354 
of anthropogenic influence, while at the same time retaining a full, or nearly full, complement of 355 
species at functional densities, exactly because they are being well protected and managed (e.g. 356 
Nairobi National Park on the outskirts of Nairobi city in Kenya (Ogutu et al. 2013). On the other 357 
hand, some intact areas may not currently contain species at functional densities but numbers might 358 
be recovered with management so that areas become ecologically functional in the future. Areas, for 359 
instance, where a keystone species has been extirpated through hunting, and could meet KBA 360 
criterion C status after reintroduction and recovery of that species to functional levels.  361 
The message highlighted from these analyses is that faunal intactness is highly rare in the remaining 362 
large areas on earth and that we cannot easily identify this from satellite images of seemingly intact 363 
forest canopy and human disturbance (the IFL method) nor from assessments using the HII (the LWE 364 
areas). Recent papers have highlighted the small percentage of remaining wilderness or intact sites 365 
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(Watson et al. 2016; 2018; Potopov 2017) and yet our results indicate that truly intact sites with a full 366 
complement of species are likely to be much rarer still. 367 
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Figures 543 
Figure 1. a) Map of LWE sites. These are the five largest parts of each ecoregion with the lowest 544 
10% of human influence index scores. Different colours represent different ecoregions.b) map of IFL 545 
sites. 546 
 547 
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Figure 2. A comparison of the percentage of ‘high density’ or ‘suitable’ habitat within a species range 550 
plotted against the percentage of the area within the LWE /IFL polygons that overlap the species 551 
range. Species below the 1:1 line have less suitable/high density habitat than available. 552 
   553 
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Figure 3. The ranges where any species on the IUCN Red List of Threatened Species has been 554 
assessed as extinct or possibly extinct. Note that this map will be a significant underestimate because 555 
the IUCN Red List does not map species prior to 1500 AD and many extant species probably do not 556 
have their extinct ranges mapped. 557 
  558 
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Tables 559 
Table 1. The area of suitable habitat, or area where the species was at high density (for species with 560 
density estimates), calculated within the LWE sites or IFL sites (where they overlap the species 561 
range), and within the global range of the species as a whole. The percentage of suitable habitat of 562 
the total area within the LWE, IFL and global range is also given. 563 
Species 
LWE sites 
(km2) 
Intact Forest 
Landscapes 
(km2) 
Global extent of 
range 
(km2) 
Range wide priority mapping  
Asian Black Bear (Ursus 
thibetanus) 
127,273 
(24.3%) 
83,341 
(53.0%) 
1,095,792 
(28.5%) 
Asian Sun bear (Helarctos 
malayanus) 
77,153 
(23.3%) 
79,297 
(29.5%) 
409,691 
(17.5) 
Brown Bear (Ursus arctos) 
4,565,655 
(82.1%) 
4,257,441 
(84.8%) 
14,214,665 
(59.9%) 
Sloth bear (Melursus ursinus) 
52,796 
(39.7%) 
0 
(0.0%) 
352,042 
(11.7%) 
Snow leopard (Panthera uncia) 
173,670 
(36.0%) 
19,668 
(84.8%) 
1,003,608 
(44.3%) 
Asian elephant (Elephas 
maximus) 
60,750 
(54.7%) 
40,918 
(74.3%) 
526,101 
(58.7%) 
Peccary (Tayassu pecari) 
102,403 
(82.7%) 
3,571,133 
(90.1%) 
5,899,639 
(42.3%) 
Tapir (Tapirus terestris) 
50,267 
(84.9%) 
3,580,578 
(91.1%) 
5,830,185 
(44.1%) 
Tiger (Panthera tigris) 155,294 116,950 930,093 
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(71.5%) (81.4%) (78.1%) 
Density maps (with threshold density between high and low in parentheses) 
African Forest Elephant 
(Loxodonta africana cyclotis) 
(0.2/km2) 
33,591 
(16.4%) 
37,078 
(4.5%) 
62,903 
(3.8%) 
Central chimpanzee (Pan 
troglodytes troglodytes) 
(0.5/km2) 
9,950 
(7.3%) 
18,136 
(8.3%) 
31,399 
5.5%) 
Eastern chimpanzee (Pan 
troglodytes shweinfurthii) 
(0.5/km2) 
22,729 
(22.7%) 
156,371 
(52.6%) 
261,106 
(28.8%) 
Western lowland gorilla 
(Gorilla gorilla gorilla) (1/km2) 
44,574 
(32.7%) 
53,279 
(24.4%) 
85,056 
(14.7%) 
Grauers gorilla (Gorilla 
beringei graueri) (0.5/km2) 
0 
(0.0%) 
7,640 
(9.9%) 
14,000 
(7.1%) 
Jaguar (Panthera onca)  
(2/100 km2) 
1,521,277 
(60.5%) 
2,569,571 
(64.6%) 
4,611,009 
(49.4%) 
Bornean Orangutan (Pongo 
pygmaeus) (0.5/km2) 
8,945 
(53.6%) 
7,283 
(41.0%) 
89,138 
(50.6%) 
Sumatran Orangutan (Pongo 
abelii) (0.5/km2) 
3,754 
(86.0%) 
5,695 
(84.7%) 
15,370 
(91.6%) 
Tapanuli Orangutan (Pongo 
tapanuliensis)  (0.5/km2) 
0.0 
(0.0%) 
0.0 
(0.0%) 
989 
(96.0%) 
 564 
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Table 2. The results of intersecting the IFL, LWE and Forest LWE polygons with Extinct species 566 
maps. The percentage area of ‘intact’ polygons are given, defined as area where no species are 567 
recorded as extinct.  568 
Intactness measure Percentage of sites without extinct 
species (% area) 
IFL sites 30.6 
All LWE sites 33.3 
Forest LWE sites 19.4 
 569 
 570 
  571 
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Supplementary material.  572 
Figure S1. Map of suitable/high density habitat of a species with a) LWE sites overlaid and b) IFL 573 
sites overlaid 574 
 575 
 576 
